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@ insulin precursors, process for their preparation and process for preparing human InsuOn from such instdln 

© Human insulin precursors containing the peptide chain 
B(t-29)-A(1~21) of humen insulin and derivatives thereof 
with a bridging chain connecting the carboxyt terminus of 
the B(1-29)- chain with the amino terminus of the A(V-21)- 
diain are prepared by euituring a yeast host transformed 
with a repiicable expression vehicle capable of expressing a 
DMA* sequsru» encoding the insulin precursor. The bridging 
chain Is preferably relatively short and contains preferably 
from 2 to 8 amino add residues. The bridging chain must not 
contain two adjacent basic amino add residues (Lys or Arg) 
and has one Lys of Arg connected to the amino terminus of 
the (A( 1-211— chain. Kluman insulin is prepared from the 
insulin precursors by in vitro conversion. 
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This invention relates to biosynthetic insulin. More 
specifically, the invention is directed to DNA-sequences 
encoding biosynthetic insulin precursors and to the preparation 
of such insulin precursors which are convertible into 
5 biosynthetic human insulin by in vitro conversion. 

BACKGROUND OF THE INVENTION 

_ _ ^ _ jn_ the past insulin has been synthezised (from 

synthetic A- and B-chains) or re-syn thesis 
derived A- and B-chains) by combining the two chains in an 
10 oxidation process whereby the 6 .cysteine sulfhydryl groups of 
the reduced chains (4 in the A-chain, 2 in the B-chain) are 
converted into disulfide bonds. By this method disulfide bonds 
are formed largely at random, meaning that the yield of insulin 
with disulfide bridges correctly positioned between cysteine 
15 residues A-6 and A-U, A-7 and B-7, and A-20 and B-19, respec- 
tively, is very low. 

Following the discovery of proinsulin as a biological 
precursor of insulin it was observed that the A- and B-polypep- 
tide moieties of the linear-chain totally reduced proinsulin 
20 (those moieties corresponding to the A- and B-chains of insu- 
lin, respectively) could be oxidatively combined with much less, 
randomiz anion of the disulfide bonds to give a substantially 
higher yield of correctly folded proinsulin as compared with 
the ccanbi nation of free A- and B-chains (D.F. Steiner et al. i 
25 Proc. Nat. Acad. Sci. 60 (1968), 622). Albeit high yields were 
obtained only at proinsulin concentrations too low to make the 
process feasible on a preparative scale, the function of the C- 
(i.e. connecting peptide) moiety of the B-C-A polypeptide 
sequence of proinsulin, namely that of .bringing the 6 cysteine 
30 residues into spatial positions favorable for correct oxidation 
into proinsulin, was clearly demonstrated. 
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The proJnsulin formed may function as an in vitro 
precursor of insulin in that the connecting peptide is 
removable by enzymatic means (W. Xemmler et al. ; J.Biol.Chem. 
24 6 (1971), 6786).- 
5 . Subsequently it has been shown that proinsulin-like 

compounds having shorter linhing moieties than the C-peptide 
and flanked at both ends by specific enzymatic or chemical 
cleavage sites (the so-called mini proinsul ins (A, Wollmer et 
al., Hoppe-Seyler • s 2. Physiol .Chem. 355 (1974), 1471 - 1476 

10 and Dietrich Brandenburg et al., Hoppe-Seyler * s Z. 

Physiol. Chem. 354 (1973), 1521 - 1524)) may also serve as 
^insulin precursors - ^ _ - _ ^ _ 

Endeavours to provide biosynthetic insulins, particu- 
larly that identical to the human species, have followed the 

15 same strategic pathways as those to synthetic insulin. The 
insulin A- and B-chains have been expressed in separate host 
organisms, isolated therefrom and then combined as described 
supra (R.E. Chance et al , ; Diabetes Care A_ (1982), 147). Micro- 
organisms have been transformed with cloning vectors encoding 

20 preproinsulin or proinsulin which may be secreted as such (W. 
Gilbert et al . : European Patent Publ . No. 6694) or accumulated 
intracellularly as hybrid gene products (D.v. Goeddel et al.: 
European Patent Publ. No. 55945). The miniproinsulin pathway 
has also been attempted (D.V. Goeddel, supra ).. 

25 Procuring the A- and B-chains in separate fermenta- 

tion processes followed by combination of the chains is 
inherently impractical. The dual fermentation inconvenience may 
be overcome by choosing the proinsulin or miniproinsulin 
strategy. However, the use of a proinsulin as the biosynthetic 

30 insulin precursor may entail certain disadvantages. The proin- 
sulin, whether excreted into the fermentation liquid as such or 
accumulated intracellularly in the host organism, possibly as a 
hybrid gene product, is likely to contain substantially 
randomized disulfide bonds. The refolding of such "scrambled- 

35 products into correctly folded proinsulin may be conducted 
either directly (H.-G. Gattner et al, ; Danish Patent Applica- 
tion No. 4523/83) or via the single chain hexa-S-sulf onate 
(F.B- Hill: European Patent Publ. No. 37255). The refolding 
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process usually entails some degree of polymerizRlcSi^a^^^ence 
the inconvenience of using laborious purification steps during 
recovery . 

In addition, insulin precursors of the proinsulin 
5 type are prone to undergo enzymatic degradation, either within 
the host cells or following its excretion into the fermentation 
broth. In yeast it has been shown that human proinsulin is 
particularly sensitive to enzymatic cleavages at the two 
dibasic sequences (Arg31-Arg32 and Lys64-Arg65) . Apparently 
10 these cleavages occur before the establishment of the S-S 

bridges, resulting in the formation of C-peptide, A-chain and 
— B^hain.^^ =- _„^_ .= = ._. _ 

OBJECT OF THE INVENTION AND SUfSMARY THEREOF 

The object of the present invention is to circumvent 

15 these disadvantages by devising biosynthetic insulin precursors 
which are generated largely with correctly positioned disulfide 
bridges between the A- and B-moieties and, furthermore, 
substantially more resistant to proteolytic degradation than 
the biosynthetic insulin precursors known heretofore. 

2^ A single chain insulin precursor consisting of a 

shortened insulin B-chain from Phe®^ to Lys®^^ continuing into a 
complete A-chain from Gly^^ to Asn^^^, B(l-29 ) -A(l-21) , is known 
(Jan Markussen, -Proteolytic degradation of proinsulin and of the 
intermediate forms-,: Proceedings of the Symposium on Proinsulin, 

25 Insulin and C-Peptide, Tokushima, 12 - 14 July, 1978, Editors: S. 
Baba et al.)- This insulin precursor B(l-29)-A(l-21) is prepared 
by a semisynthetic process from porcine insulin. First the ^^^^ 
insulin B(l-29) and A(l-21) chains were prepared and coupled ^^^J? 
linear peptide B(l-29)-A(l-21) . This compound in the hexathiol 

30 form was oxidized in vitro rendering the single chain des-(B30) 
insulin molecule. 

The present invention is based on the surprising 
discovery that the above single chain insulin precursor B(l-29)- 
A(l~21) and derivatives thereof with a bridging chain connecting 

35 the carboxyl terminus of the 8(1-29) -chain with the amino 

terminus of the A(l-21) -chain are expressed in high yields and 
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with correctly positioned disulfide bridges when yeast 

strains transformed with DNA-seguences encoding such insulin 

precursors'^ culf'u^i^^, 

According to a first aspect of the present invention 

5 there is provided a DNA-sequence encoding insulin precursors of 

the formula 

B(l-29)-(X„-Y) -A(l-21) I 
n In 

wherein is a peptidechain with n amino acid residues, Y is Lys 

or Arg# n is an integer from 0 to 33, m is 0 or 1, B(l-29) is a 

Bl B29 

10 shortened B-chain of human insulin from Phe to Lys and A(l- 
21)' is the A chain of human insulin, with the proviso that the 
peptide chain -X^-Y- does not- contain.-two ad j acent^basic^. amino , _ 
acid residues (i.e. Lys and Arg}. 

Preferred insulin precursors of the above formula 7 are 
15 B (1-29) -A (1-21) , i.e. m = 0 in formula I, and compounds with a 
relative short bridging chain between the B(l-29)- and the A(-l* 
21)- chain. 

When m = 1, then n is preferably 1-33 r more prefer ably /-/ij 
^1*8 or 1-5 and most preferably 1-3 or 1-2. X may preferably be 
20 selected frc»n the group consisting of Ala, Ser and Thr, the 
individual X*s being equal or different. Examples of such- 
preferred compounds are B(l-29 ) -Ser-Lys-A(l-21 ) and .B (1-29) -Ala- 
Ala-Lys-A(l-21). 

According to a second aspect of the present invention 
25 there is provided a replicable expression vehicle capable of 
expression of a DlIA-sequence comprising a sequence encoding the 
insulin precursors of formula I in yeast. 

The expression vehicle may be a plasmid capable of 
replication in the host microorganism or capable of integration 
30 into the host organism chromosome. The vehicle employed may code 
for expression of repeated sequences of the desired DKA-sequence, 
each separated by selective cleavage sites. 

According to a third aspect of the present invention 
there is provided a process for producing insulin precursors of 
35 formula I in yeast wherein a transformant yeast strain including 
at least one expression vehicle capable of expressing the insulin 
precursors is cultured in a suitable nutrient medium followed by 
isolation of the insulin precursors. 
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According to a fourth aspect of the present invention 
there are provided novel hiunan insulin precursors. Such novel 
human insulin precursors have the following general formula 

B ( 1 -29 ) -Xj^-Y-A ( 1 -21 ) II 

5 in which the different symbols have the above mentioned 
definitions. Preferred novel insulin precursors ex& 
B(l-29)-Ser-I*ys-A(l-21) and B ( 1-29 )-Ala-Ala-Lys-A( 1-21 ) . 

According to a fifth aspect of the present invention 
there is provided a yeast strain transformed with an expression 
10 vehicle capable of expressing a~bNA-sequMM"'"ccmprising^^ — 
sequence encoding the a))ove insulin precursors in yeast. 

The insulin precursors may be expressed with additional 
protein proceeding the insulin precursor. The additional protein 
may have the function of protecting the insulin precursor 
15 against, e.g. in vivo degradation by endogeneous enzymes or of 
providing information necessary to transport the desired protein 
into the periplasmic space and finally across the cell wall into 
the ntedium. 

The additional protein contains a selective cleavage 
20 site adjacent to the K-terminal of the B (J.-29 ) -chain^f the 
insulin precursors enabling subsequent splitting off/Jthe 
adc^itional protein either by the microorganism itself or by later 
eiir.yniatical or chemical cleavage. 

Accordingly the present invention includes a DNA- 
25 sequence encoding the above insulin precursors and further 

comprising an additional DNA-sequence positioned upstream to the 
sequence encoding, the insulin precursors and encoding an addi- 
tional amino acid-sequence containing a selective cleavage site 
adjacent to the N-terminal of the B (1-29) -chain of the insulin 
30 precursors. 

According to a preferred embodiment of the present 
invention the additional amino acid sequence comprises at least 
one basic amino acid adjacent to the K-terminal of the B(l-29)- 
chain of the insulin precursor. 



When the insulin precursor is expressedOali^S&SShe 
additional amino acid-sequence may contain two basic amino acids 
(e.g. Lys-Lys, Arg-Arg, Lys-Arg or Arg-Lys) adjacent to H- 
terminal of the B (1-29 ) -chain of the -insulin precursor, yeast 

5 being able to cleave the peptide bond between the basic amino 
acids and the precursor. Also a Glu-Ala or Asp-Ala cleavage site 
adjacent to the desired protein enables separation of the 
additional amino acid sequence by the yeast itself by means of a 
dipeptidase enzyme produced by the yeast. 

10 The insulin precursors may be secreted with an amino 

acid-sequence linked to the B(l-29) -chain of the precursors 
provided_that tli^is a^ acid sequence contains a selective 
cleavage site adjacent to the B (1-29 ) -chain for later splitting 
of the superfluous amino acid sequence. If the insulin precursors 

15 do not contain methionine cyanogen bromide ^cleavage at methionine 
adjacent to the desired protein would be operative. Likewise, 
arginine- and lysine -cleavage sites adjacent to the desired 
protein enables cleavage with trypsinlike proteases. 

Foi secretion purposes the DKA-sequence encoding the 

20 insulin precursors may be fused to an additional DNA-sequence 

coding for a signal peptide. The signal peptide is cleaved off by 
the transformant microorganism during the secretion of the 
expressed protein product fron* the cells ensuring a more simple 
isolation of the desired product. The secreted product may be the 

25 insulin precursor or may contain an additiorval K-terminal amino 
acid-sequence to be removed later as explained above. 

Secretion may be provided by Including in the 
expression vehicle the yeast MFol leader sequence (Kurjan, J. and 
Herskowitz, I., Cell 30, (1982), 933 - 943) and according to a 

30 further preferred embodiment of the present invention the addi- 
tional amino acid-sequence positioned upstream to the sequence 
encoding the insulin precursors comprises the yeast MFal leader 
coding sequence or part thereof. 

The expression of the desired DNA-sequence will be 

35 under control of a promoter sequence correctly positioned to the 
DNA-sequence encoding the desired protein product to result in 
expression of tl»e desired protein in the host organism. Preferab- 
ly a prOTtoter from a gene indigeneous to the host organism may be 

BAD ORIGINAL 
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u&ed. The DNA-sequence for the desired protc>jn will be followed 
by a transcription terni5nator ftoqiicnce, preferably a terminator 
sequence front h geno indigen*^ous to the host organism. If yeast 
Is used as host organism the promoter and terminator sequences 
5 are preferably the promoter and terminator of the triose phos- 
phase isomerase (TPI) gene, respectively. 

Other promoters may be utilized such as the phosphogly- 
cerate kinase C^GKl)- and the MFq 1 -promoter . 

The present invention further comprises a method for 
10 preparing human insulin by which a yeast strain is transformed 
" with a replicable expression -vehi cle comprising ^ a _DNA -.sequence _ 
encoding the insulin precursors of the above formula I, the 
transformed yeast strain is cultured in a suitable nutrient 
met'iiuri, -the insulin precursors are recovered from the culture 
15 medium and converted in vitro into human insulin. 

The insu3in precursors according to the present inven- 
tion may be converted into mature human insulin by transpep- 
tidation with an L-threonine ester in the presence^^f^ t^^sin or 
a trypsin derivative as described in the specif ication^f Danish 
20 patent application 574/80 (the disclosure of which is incorporat- 
ed by reference hereinto) followed by transformation of the 
threonine ester of human insulin into human insulin by known 
processes. ^€6 oho MK (^a^K /^*^tUahtf)a t\to ^O^b^SO^^^ 
' Jf the insulin precursors are secreted with an 
25 additional amino acid sequence adjacent to the N*terminal of the 
B (1-29 ) -chain such amino acid sequence should either be removed 
in vitro before the transpeptidation or should contain at least 
one basic amino acid adjacent to the N-terminal of the B(l-29)- 
chain as trypsin wil3 cleave the peptide bond between the basic 

Bl 

30 amino acid and the amino group of Phe during the 
t r anspept i dat i on • 



BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate a preferred 
embodiment of the present invention. 
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Fig. 1 illustrates the preparation of plasmid pMT34 4, 
fig. 2 illustrates the preparation of plasmld pMT4 75, 
fig. 3 illustrates the preparation of plasmid pMT2l2, 
fig. 4 illustrates the preparation of plasmid pMT4 79 
5 fig. 5 illustrates the preparation of plasmid 

fig. 6 illustrates the preparation of plasmid pKTS98r 

fig. 7 illust-rates tho preparation of plasmid pMT610, 

fig. 8 illustrates the preparation of plasmid pT5, and 

10 fig. 9 illustrates the preparation of plasmid pMT639. 

In t.he drawings and part of the following description 
the e3<pres&jon B* is used in stead of B(l-29) and A in stead of 
A (1*21). Accordingly the expression B'A is equivalent to the 
expression B(l-29)-A(l-21) . 



15 DETAILED DESCRIPTION 

1. Preparation of a gene coding for human proinsulin B-^-A 
Total RNA purified (Chirgwin, J.M. Przybyla, A.E., 
McDonald, R.J. 6 Rutter, W.J., Biochemistry 18, (1979) 5294 - 
5299) from human pancreas was reverse transcribed (Boel, E., 

20 Vuust, J., Norris, P., Norris, K., Wind, A., Rehfeld, J.F. & 
Marcker, K.A., Proc. Natl. Acad. Sci . USA 80, (1963), 2866 - 2869) 
with AJ'TV reverse transcriptase and d(GCTTTATTCCATCTCTC) as 1. 
stranc* primer. After preparative urea-poly aery lamide gel 
purification of the human proinsulin cDKA, the second strand was 

25 synthesized on this template with DNA polymerase large fragmen't 
and d(CAGATCACTGTCC) as 2nd strand primer. After SI nuclease 
digestion the human proinsulin ds. cDNA was purified by 
polyacryl ami de gel electrophoresis, tailed with terminal 
transferase and cloned in the PstI site on pBR327 (Sorberon et 

30 al.. Gene 9, (1980), 287 - 305) in £. coli. A correct clone 

harbouring a plasmid containing a gene encoding human proinsulin 
B-C-A was identified front the recombinants by restriction 
endonuclease analysis and confirmed by nucleotide sequencing 
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(Maxam, A., « Gilbert, V7 . , Methods in Enzymology, 65 (1980), 499 
- 560. Sanger, F,, Nicklen, S. S Coulson, A.R., 
Proc. Natl .Acad. Sci. USA 74, (1977), 54 63 - 54 67). 

2 . P repar ation of genes coding for precursors of_ h uman insulin. 
5 The gene encoding B ( 1-29 ) -A (1-21) of human insulin was 

made ^by site specific mutagenesis of the human proinsulin 
sequence with a 75bp in frame deletion in the C-peptide coding 
region inserted into a circular single stranded H-13 
- bact e r ioph age ve ct or A , mod if i e d pj^oce dure J K ^ Hor r is e t a 1 , , 
10 Nucl. Acids. Res. 11 (1983) 5i03 - 5112) was used in which a ~ ^ 
chemically synthesized 19-mer deletion primer was annealed to the 
h'13 template. After a short enzymatic extension reaction a 
-universal" IS-mer M13 dideoxy sequencing primer was added 
followed by enzymatic extension and ligation. A double stranded 
15 restriction fragment (BamHl-Hind III) was cut out of the partly 
doul)3e stranded circular DNA and li gated into pBR322 Cut with 
BamHI and Hind ITI. 

The obtained ligation mixture was used to transform E. 
coli and transf onaarts harbouring a plasmid pMT319 containing the 
20 gene encoding B(l-29)-A(l-21) of human insulin denti f ied. 

Genes encoding B{l-29 ) -Ala-Ala-Lys-A{l-21) and B(l- 
29) -Ser-Lys-A(l-21) were made accordingly by insertion of a 
fragment encoding MFol-B-C-A in the H-13 bacteriophage and site , 
specific mutagenesis of the human proinsulin sequence witii 
25 chemically synthesized 30-mer and 27-iner deletion primers', 
respectively, and the above mentioned "universal" 15-mer W13 
dideoxy sequencing primer. A double stranded restriction fragment 
(Xbal-EcoRl) was cut out of the partly double stranded circular 
DNA and ligated into pDC13 and pT5, respectively. By 
30 trafisiTorination and retransformation of Ji, £2lj.^transformants 
harbouring a plasmid pKT59B containing tlie gene encoding B(l- 
29)-Ala-Ala-Lys-A(l-21) and pl'7r630 containing the gene encoding 
B{l-29)-Ser-Lys-ACl-21) were identified. 

A gene encoding B(l-29)-Thr-Arg-Glu-Ala-Glu-Asp-Leu- 
35 Gln-Lys-A{l-21) was made in a similar way as described above ]>y 
insertion of a fragment encoding MFal-B(l-29)-A(l-21) in a M13 
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mpll bacteriophage ari<^ Bite Ppccific mut agenesiB of the B(l-29)- 
A{1-21) sequence with a chemically synthesized 4 6-mer ^deletion 
primer ( 5 • -CACACCCAAGACJAAACAAGCO'CAAGACTTGCAAAGAGGCATrGTG-3 ' ) and 
the "universal" pr jn«cx . Also, by a similar procedure a gene 
5 encoding B(l-29) -Thr-Arg-Glu-Ala-Glu-Asp-Leu-Gln-Val-cily-^ln- 
Val-Glu-Leu-Gly-Gly-Gly-Pro-Gly-Ala-Gly-Ser-Leu-Gln-Ero-Leu-Ala- 
Leu -Glu-Gly-Ser-I»eii-Gln-Lys-A( 1-21) was constructed. 

3 . Plasmid const ruct i ons « 

_ _ _The^ B(l-29)-A(l-21) of human . nsulin 

10 (B*A) was isolated as a restriction fragmenT ffdm fiMT^ 

combined with fragments coding for the TPI promoter ^7 'Tp') (T. 
A3ber and G. Kawasaki. Nucleotide Sequence of the Triase 
Phosphate Isomerase Gene of Saeeharomvces ssiSSlsl^j^' vT.Mol. 
Applied Genet. 1 (1982) 419 - 434), the MFol leader sequence (J. 
15 Kurjan and !• Herskowitz,. Structure of a Yeast Phe:oraone Gene 
(hTo): A Putative o-Pactor Precursor Contains four landem Copies 
of Mature a-Factor. CelJ 30 (1982) 933 - 943) and t:- 
transcription termination sequence from TP! of S,c € t evislae 
(TPl^) . These fragments provide sequences to enstire a high rate 
20 of transcription for the B'A encoding gene and alsc provide a 
presequence which can effect the localization of B'J into the 
secretory pathway and its eventual excretion into Us growth 
medium. This expression unit for B'A (TPIp-MFol leai er - B'A - 
TPI^ was then placed on a plasmid vector contains nrj the yeast 2^ 
25 origin of replication and a selectable marker, LEO ; , to give 
pHT344, a yeast expression vector for B*A. 

Turing in vivo maturation of a-factor in least, the 
last (C-terminal) six amino acids of the HFol leade, peptide 
(Lys-Arg-Glu-Ala-Glu-Ala) are removed from the o-f i tor precursor 
30 by the sequential action of an endopeptidase recogn zing the 
Lys-Aig sequejice and an aminodi peptidase which rema es the Glu- 
Ala residues (Julius, D. et al. Cell 32^ (1983) 839 852). To 
eliminate the neetl for the yeasl amiriodipepti dase , he sequence 
coding for the C-terminal Glu-Ala-Glu-Ala of the >E 1 leader was 
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removc'C^ via In vitro mutagenesis. The rcsu3tjng yeast, expression 
lOasiToc:, ph!T475, conta5ri8 t).e insert coding for TPIp-MFal leader 
(minus Glu-Ala-Glu-Ala ) - B'A - TPI^. 

Til a prefer reel construction the modified expression 
5 unit was transferred to a stable, high copy number yeast plasraid 
CPOT, (ATCC No. 39685JJ^; Whjcli can hit selected merely by the 
presence of gluco&e iri ihe growth medium. The resulting yeast 
expression vector for B*A was nunibered pMT4 79. 

The fragmcni encoding ViFaX leader (minus Glu-Ala-Glu- 

10 Ala)-B(l-29)-Ala-Ala-Lys-A(l-23) was isolated as a restriction 

=^ fraginent from pMT598- and = combined- with fragneiits= coding .for jth^^ 
TPI promoter and the TP J terninatoj and transferred to the above 
mentioned high copy number yeast plasmid CPOT. The resulting 
yeast expression vector for B(l-29) -Ala-Ala-Lys-A(l-21) was 

15 numbered pMT610. 

The fragment containing the iiiscil TPIp- MFol leader 
(minus Glu-Ala-Glu-Ala)-B(l-29)-Ser-Lys-A(l-21)-TPI^ was isolate^: 
as a restriction fragment from pMT630 and transferred into CPOT. 
The resulting yeast expression vector for B ( 1-29 } -Ser-Lys-A( 1-21) 

20 was numbered pMT639. 

The fragment containing the insert TPIp- MPal leader- 
(minus Glu-Ala-Glu-Ala)-B(l-29)-Thr-Arg-Glu-Ala-Glu-Asp-Leu-Gln- 
Lys-A(l-21)-TPIy was insertec: into a high copy number yeast 
plasmid DPOT, being a CPOT derivative containing a Sphl-BamHJ- 

25 fragment of pBR322 inserted into a SpHl-BamHI fragment of CPOT. 
The resulting yeast expression vector for B(l-29) -Thr-Arg-Glu- 
Ala-Glu-Asp-Leu-Gln•Lys-A{l-21 ) was numbered pll26. 

4 . Tran 5 f orntat i on 

Plasmids pMT344 and pMT475 were transformed into S. 
30 cerevisiae leu 2 mutants by selection for leucin prototrophy as 
described by Binnen et al.(A, Hinnen, J.B. Bicks and G.R. Fink. 
Transformation of Yeast. Proc.Nat.Aca.Sci . 75 (1978) 1929). 

Plasmids p^5T479, pKT610, pKT639 and pll2 6 were 
transformed into S. cerevisiae strains carrying deletions in the 
35 TPT gctie by selecting for growth on glucose. Such strains are 
noimally unable to grow on glucose as the sole carbon source anc^ 
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grow very slowly on galacloBc^ lactate medium. This defect is due 
to a mutation in the triose phosphate isomer asn gene^ olitained liy 
de^elion and replacement of a major part of this gene with the S. 
cerevisiae LEU 2 gene. Because of the growth deficiencies there 
5 is a strong selection for a plasmid wliic}i contains a gene coding 
for TP7. pHT479 contains the Schi20 , pcanbe TPI gene. 



5 . Exp ? f 'syJon of human in sulin precu rsors i n yeast 

Escpression products of human insulin type were measured 
by radioimmunoSsay f 6j ^i nsiili n"^"as" descr 1 bed by ^Heding, L . = 

10 (Diabetologi^ 8, 260 - 66, 1972) with the only exception that the 
j7i$u3iit x^rccur&or standard in question was used instead of an 
nisulin standard. The purity of the standards were about 98% as 
cVi.erinj ned by BPLC and the actual concentration of x>eptjde in the 
bi.aiic!ar<': was determined by amino acid analysis. The expression 

15 levels of immunore active human insulin precursors in tlie 
i-jransformed yeast strains are summarized in Table 1. 



Table 1 



Expression levels of immunoreactive human insulin precursors i?i 
yeast. 

20 Im i unaLe active 

insulin precursor 

Yeast strain Plasmid Ccnstruc t ^IFF9 /3 sigaematant) 



MT 350 (DSM 2957) pMT 344 B(l-29)-A(l-21) 100 

KT 371 (DSM 2958) pKD 475 B(l-29)-A(l-21) 192 

25 MT 519 (DSM 2959) pMT 479 B( 1-29) -A (1-21) 2900 

KT 620 (DSM 3196) pMT 610 B(l-29)-Ala-Ala-Lys-A(l-21) 1200 - 1600 

Mr 649 (DSM 3197) pKP 639 B(l-29)-Ser-Lys-A(l-21) 1600 

ZA 426 pll26 B(l-29)-<nir-ArcrGlu-Ala-Glu- 

Asp-Leu-Gln-I*ys-A(l-21) 200 



30 The isolation and characterization of expression 

products are given in Examples 7-9 and 12 - 13. 
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6. Conversion of human insuJ in pyficursor _5 nto cete rs of 

human insuJin 

The conversion of the h\xman insulin precursojs int.o 
human insulin esters can be followed quantitatively by HPLC.(hicjh 
5 pressure liquid chromatography } on reverse phase. A 4 x 300 mir. 
**|iBonc*apdk CIS column" (Waters Ass.) was used and the elution was 
performed with a buffer comprising 0.2 M amrtonium sulphate 
(adjusted to a pH value of 3.5 with sulphuric acid) and contain- 
ing 26 - 50% acetonitri 3e. The optimal acetonitrile concentration 
10 depends on which ester one desires to separate fTom thf! insulin 
- precur sor In ..case of _ human^ insiilin methyl _es ter scpar ati on i s 
achieved in about 26% (y/v) of ncel.oni tri 1*: . 

Before the application on the EPLC column the proteins 
in the reaction mixture were preciiJi tatec? by addition of 10 
15 volumes of acetone. The precipitate was isolated by centrifuge- 
tion, dried in vacuo« and dissolved in 1 M acetic acid. 



EXPERIMENTAL PART 
Example 1 

ConstmctJ on of a gene codi n g for B(l -29 )-A(l- 2 1) in suli n 

20 Materials and Methods 

"'Universal'* 15-mer M13 dideoxy sequencing primer 
dd'CCCAGTCACGACGT) r T4 DNA ligase and restriction enzymes were 
obtained from New England Biolabs. DNA polymerase I "Klenow 
fragment" and T^ polynucleotide kinase were p\ju:cha;5ed frora P-L 

25 Biochemicals. (t-^^P)"ATP (7500 Ci/mrcol) was obtained from New 
England Nuclear. The support for oligonucleotide synthesis was 
5»-0~dimethoxytrityl N^-isobutyryldeoxyguanosine bound via a 3*- 
O-succinyl group to aminomethylated 1% cjossl inked polystyrene 
beads from Bachem. 
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Construction of m 3 mplO InsHXA Pst phage s 0163529 

The M13 mplO derived phage mplO InsHX was constructe<C 
by cloning of the 284 bp large proinsulin coding Hind 117-XhaT 
fragment, i.6oIat.ed from p285, into Hind ZII-XbaT cut M13 mplO 
5 RF,M13 mplO RF is availfQsle from P-L Baochemicals, Inc. 
Milwaukee^ Wis. (Catalogue No. 1541). 

M13 xnplO insHXAPst was constructed from mplO insKX,RF 
by comr»3ele Psl.T digestion foJJowed by ligation and transforma- 
tion of E. coli JM103. The resulting x>h<*ge hai-botirs ihe human 
10 proinsulin coding sequences, with a 75 bp in frame deletion in 
the C-peptide coding region. Single stranded jahage was prepiired 
^ ==-as„Aescribe^^ J, and Vieira, J. (1982) Gene 19, 26? - 

276) . ^" — 

Oligodeoxyi ibojiitcJ eoti d e synthesis 

15 The 19 "^mer deletion pripier <1 ( CACACCCAAGGGCATTGTG ) was 

frynDiesized by t]irs ijiester method on a 1% crosslinked poly- 
styrene support (Ito, H., IJce, Y., Ilcuta, S., and Ttakura, K. 
(1982) Nucl-Acids Res. 10, 1755 - 1769). The polymer was packed 
in a short column, and solvents and reagents were delivered 

20 semi -automatically by means of an HPIiC pur.p and n control module. 
The oligonucleotide was purified after deprotection by HPLC on a 
LiChrosorb RP18 coltimn (Chrompack (Fritz, H,-J., Belagaje, R., 
Brown, E.It., Fritz, R.H., Jones, R.A., Lees, R.G., and Khorana, 
R.G. (1978) Biochemistry 17, 1257 - 1267). 

32 

25 S*"- P-label l ing o f o3 i godeoxyribonucleoti de 

The 19-raer was labelled at the 5 'end in a 60m1 reaction 
mixture containing 50 mK Tras-HCl at pH 9.5, 10 mM MgCljr 5 mK 
DTT, 0.4% glycerol, 120 pmole ATP, 50 jiCi of (t-^^P)-ATP (10 
pmole), 120 pmole of oligonucleotide and 30 units of T4 polynu- 
30 cleotide kinase. The reaction was carried out at 31^C for 30 

min., and terminated by heating at 100«»C for 3 min. The labelled 
oligonucleotide was separated from unreacted (Tr-^^P)-ATP by 
chromatography on a column (1x8 cm) of Sephadex G50 superfine 
in 0.05 M triethyl ammonium bicarbonate at pK 7.5. 
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For colony hybridization ihe o] j goriuc3eot. j was 
labelled without the addition of "coJd" ATP as described <Boei, 
E., Vuust, J., NorriE, F., Norris, K., Wind, Rehfeld, J., and 

Marcker, K. (1983) Proc .Natl .Acad. Sci , USA 80, 2866 - 2869). 

5 Oligodeoxyribonucleoti de p rimoO DHA synthesis 

Single stranded Ml3 mplO insHXAPst (0.4 pmole wfts 
incuhc*lef with the 19-mer 5 '-(^^P) -labelled oJ i goc:eo5<yi ibonu- 
cJeolide primer (10 pmole) in 20 \il of 50 mM NaCl, 20 mM Tris-HCl 
pK 7.5, 10 mM MgCl2 and 1 mM DDT for 5 min. at 55 '^C and annealed 

A£ £9J_30^ijn^^^^i^^ 9 of d-NTP-mix consisting of 2,2 my 

of eacJi dATP, dCTP, dGTP, dTTP, 20 mM fri~s-5'ciV^H^7 
MgCl2, 50 mM NaCl, 1 mK DDT was added followed by 7 units* of E. 
coli DMA polymerase I (Klenow) , The mixture was kept for 30 min. 
at 1J«»C and heated for 10 min. at 65*0. 15-mer universal primer 

15 for dideoxy sequencing (4 pmole) was addfid and the mixture lieated 
at 65*»C for an additional minute. After cooling to 11*'C 26 \il of 
solution containing 20 mM Tris-HCl pH 7.5, 10 mM HgClj/ 10 mM 
DTT, 0.8 mM of each dATP, dCTP, dGTP, dTTP, 2.4 mM ATP and 10^ 
units of T4 ligase was added followed by 9.5 units of ^. coli DNA 

20 polymerase T (Klenow) . The final volume of the mixture was 64 jil. 
After incubation for 3 hours at 11*^C 20 yiJ 4M sodium acetate was 
added, and the volume adjusted to 200 \il with TE-buffer (10 mM 
Tris-HCl pH 8.0, 1 mM EDTA) . 

The mixture was extracted twice with phenol/chloroform. 
25 C.9 M9 (0.3 pmole) of . the purified large fragment of pBR322 

cleaved with BamHI and Hind T7T was added as carrinr DKA. After 
ether extraction of the aqueous phase, the DNA was isolated by 
olhoDol pxecipitation. 

Endo nuclease digestion 
30 The DNA, preparec*; as described above, was digested 

respectively with 16 ene 20 units of restriction endonucleases 
BamHI and Hind III in a total volume of 22ii3 of buffer (50 mM 
NaCl, 10 mM Tris-HCl, pH 7.5, 10 mM HgClj, 1 mM DDT, 4 mM 
spermidine). The mixtuie was extracted with phenol/chloroform 
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followed by ether and llic DIlA was iBOlated by ethanol precipita- 
1>C)ii aiu'' thfiu dissolved jn 12 pi ^;»^* used for electro- 

phoresis on a 71' xirtia 6% po3y aery 3 amide gel. 

Ligation 

S To a part of the DKA (5 was adr'^ect a new poition of 

the purifjed 3arge fragment of pBR322 cut with BamHI and Hind III 
(0.38 |ig) and 400 units of T4 DNA ligase« in a total volume of 41 
Ml containing 66 mf-l Tris-HCl, pH 7.4, 10 mM MgCl^, 1 nM ATP, 10 
mM DOT, 4 0 pg/ml gnlatine. T^igation was performed at 16^C for 16 

Tr ansf orm at ion 

20.5 pi of the ligation mixture was used to transform 
CaCl^ treated E. coli MC 1000 (r", m*) . The bacteria were plated 
or TJ'^-cfgcir plates and selected for resistance to ampicillin (100 
15 pg/ml). 2.6 x 10^ colonies i>er pmole of M13 mplO insHX^Pst were 
obtained. 

Colony hy br idis ation 

123 transformed colonies were picked onto fresh ampi- 
cillin plates and grown overnight at 37*0. Colonies were trans- 

20 feired to Whatman 540 filter paper and fixed (Gergen, J.P., 

Stem, R.H., and Wensink, P.C. (1979), Nucl.Acids Res. 7, 2115 - 
2136). A prehybridization was performed in a sealed plastic bag 
with 6 ml of 0.9 M NaCl, 0.09 M Tris-HCl pH 7.5 0.006 M EDTA, 
0.2% Ficoll, 0.2% polyvinylpyrrolidone, 0.2% bovine serum 

25 albumin, 0.1% SDS and 50 pg/ml salmon sperm OKA for 2 hours at 
65<»C. Then 8.5 x 10^ cpm of ^^P-labelled 19-mer was added and 
hybridisation performed at 45^C overnight. The filter was washed 
with 0.9 K NaCl, 0.09 M sodium citrate three times at 0*»C for 5 
min. and was then autoradiographed and washed once at 45**C for 1 

30 riin. ar.d autoradiographed again. After washing at 45"C, identifi- 
cation of 3 colonies containing mutated plasmid was possible. 



36 



Endonucleasc ana lysis of mutated plasmids OodZ» 

PlasmjdB froni \.hc supposcO Miitonl colonies were 
prepared by a rapid method (iFh-Horcawjc?:, D. and Burke, J.F, 
(1981), Nucl .Acids Res. 9, -2989 - 2998), digested with a mixture 
5 of BamHT and Hind III and then analysed by electrophoresis on a 
2% agarose gc3. The presence of a 179 bp fragment confirmed tliat 
the 3 colonies contcsined mutfint p3«)Sinid, 



Retransf ormation 

The colonies iO«'ntificd inf "mutant. " contain plasmids 

10 whi ch ^are th^ progciny of Jie+erodup3ex Pure_. mutan^^ could be^ 
obtained by retransf ormation of CaClj treated F. co3 5 nClOOO. 
(r", m"*") with plasmi d from 2 of the mutant co3onies. Fiom each 
plate 5 ftPipiciDJin resistant clones were isolated, plasmid DNA 
was prepared and analysed by endonuclease cleavage as mei>tj cried 

15 above. 3 out of 5 and 5 out of 5 respectively were shov/n to be 
pure mutant. One plasmid pMT319 was selected for further use. 

DNA sequence analysis 

5 lig of pMT319 was cleaved w5th BamHI under standard 
conditions, phenol extriscted and ethanoJ precipitated. Filling in 
20 of the BamHI sticky ends was performed with Klenow DNA pclymerase 
J, dCTP, dGTP, dTTP, and o-^^P-dATP. 

After phenol extraction and ethanol precipitation tlie 
DNA was digested with KcoHT. The ^^-P labelled fragment with the 
deletion vas purified by electrophoresis on a 2% agarose gel and 
25 sequenced by the Maxam-G liber t method ( Kaxam, A. and Gilbert, W. 
{1980} I4ethods in Enzymology 65, 499 - 560). 



Exanple 2 

Consl-iuction of a yeast jlasmld pKT344 fca:^ expre ssion of B(l- 
29) -A (1-21) of human insulin (B'A ) . 
30 Plasmid pM7319 containing the gene coding for B*A and 

constructed as explained above was cut wi Ui restriction enzymes 
Hind 777 and 3ajaT and a 0.18 kb fragment was Isolated (T. 
Manlatls, E.F. Fritsch, and J. ?axn]>rook. Kolecular Cloning. Cold 
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Spring Harbor Pre^H 3 982) iron e 2% ^gfrose gel. Similarly a 
fragment (6.5 kb Xhol " Hinc* 177) cunl.a4ning the S. cerevAslae 
TP7 promoter (TPJp) -{T. Alber anc* €• Kawasaki . Nucleotide 
Sequence of t.hf: Tric^^c Phosx>}ial.c Tsoinera&f* Gene of SAggharcmivceB 
5 cerevisiae . J.Mol. Applied Genet. 3 (1982) 419 - 434) and the 
MFol leader sequence (J. Kuxjan anc^ 7. Per&kowit?., Structure of a 
Yeast Pheroiiionc Genr; (KFo): A Putative a-Pactor Precursor 
CiiuffiiTiS fouj Toiulojii Ccipie.e of Mature a -Factor. Cell 30 (1982) 
923 - 943) was isolated from pJasmjd i>285 conslructed as 

3 0 described in US*-patent application S.N. 547,748 of Noveribcr 3, 

- 1983 . P285 contaijis the- insert TPI_,-KJal leader. -B-C-A- TPI_ and 
v/hs depositecHili yi^Jist stfaan 233 (ATCC No. 20681). A fragment 
(0.7 kb Xbal - BamHl) containing the TP7 transcrii^tion 
termination sequences (TP7^) (T. Alber and G. Kawasaki, 

15 Nucleotide Sequence of the Ti iosc Pliosf^xahatc Tsomcrasc Gene of 
Saccharomyces cerevisiae. J.Fo3. Applied Genet. 1 (1982) 419 - 
434) was also isolated from p285. Finally a 5.4 kh Xhol - BamHX 
fragment was iso3ate*' from the yeast vectcx yrpl3 (J.R. Broach* 
Construct iori of High Copy Yeast Vectors Using 2^m Circle ' 

20 Sequences. Methods Enzymology 101 (1983) 307 - 325). The above 
four fragments were li gated (T. f^aniatis, F.,F. Fritsch, and J. 
Sambrook. Molecular C3oning. Cold Spring Harbor Press 1982) and 
transformed into F. col i (T. ^'aniatis, E.F. Fritsch, and J. 
Sambrook- Molecular r3oning. Cold Spring Earbor Press 1982) 

25 selecting for ampicillin resistance. P3asmid8 were i&>o3ated ficm 
the tJ ansf crioants and the structure of one of these, pMT344, 
verified by restriction mapping. The construction and maan 
features of pMr344 arf* out3ined in fig. 1. 



Example 3 

30 Constjuction of a yeasl plasmic! ptVPAlS for expression of B(l- 
29) -A (1-21) of human insulin (B/A) after a mpdif ied MFol leader. 

To construct a plasmid for the expression of B*A after 
a MFal leader (J. Kurjan and J. Ferskowitz, Structure of a Yeast. 
Pheromone Gene (MFo): A Putative a-Factor Precursor Contains four 

35 Tandem Copies of Mature o-Factor. Cell 30 (1982) 933 - 943) 
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lacking its last four amino acids (G3u-A]A-G3ii-A3a) , the 0.14 Jcb ' 
Xbal - EcoRIJ frhi^U'fui coiiLainino Uie A an<l part of the B* 
sequences was isolated from pKT319. Likewise the 5« proximal part 
of the B' genc! was isoJated as a 0.3 6 kb EcoRI - EcoRIT fragpenl 
5 from pM215- Plasmid pM215 was constructed by sul>c3c>ning the EcoRT 
- XhaT fragn.ftiit. containing the proinsulin B-C-A gene froir. p2e5 
into pUCl3 (constructed as described for pUC8 and pUC9 by Vieira 
et al,. Gene 19 ; 259 - 268 (1982)) and subsequent in vitro loop- 
out removaa of the 12 bases coding for Glu-Ala-Glu-Ala at tlie 

JO . junction betveen ITor leader and proinsul^ gene. These two 

pieces covering the B'A gene were ligated to EcoRl - Xbal 
aige&;ted pnC3 3 vccl or (sec fic. 2) to give pMT473. The modified 
gene contained within a O.Skb EcoRT - XbaT fragment was isolated 
from pMT473 and then ligated to two fragments (4.3 kb XbaJ - 

3 5 F.CORV and 3.3 kb EcoRV - KcoRT) from pMT342. pMT342 is the yeast 
vector pMT212 with an inserted TPTp-KFal leader - B-C-A - TPI^. 
The resulting plasmid, p>rp4 75, contains the insert: TPIp - IiFal 
leader (minus Glu-Ala-Glu-Ala) - B'A - TPI^, The construction of 
plasmids pMT342,. pMT473 and pMT475 is out 3 i nee" in ficj. 2, The 

20 construction of tJift Vfector p!Tr212 is shown in fig. 3. Plasmid 
PMLB1034 is describee- by n.L. Berman et al.. Advanced Bacterial 
Genetics, Co3d Spring Herbor (39C2), 49 - 51 and pUC12 was 
constructe«l as described for. pUC13 (Vieira et al, ibid,). 



Example 4 

25 Insertion of the B(l -29)-A(l-21) (B'A) gene into a stable yea st 
plasmid pKT 479. 

The modified B'A gene from pMT475 was isolated as & 2.1 
kb BamHT - partial Sphl fragment and ligated to an approximately 
11 kb BamHl - Sphl fragment of plasmid CPOT (ATCC No. 39685) to 
30 give plasmid p*T479 (fig. 4). Plasmid C^OT is based on the vector 
Cl/1 which has been modified by substituting tlie original pBR322 
Bgll - BamKJ fragment with the similar Bgll - BamHI fragment from 
^^V'Lf^±S^^%'^!tK^Jl^^'^^^^ (POT) (US 

198^ as a BamHI 



patent appJifStToirs.N. SIA .JiAfn^ohM^ 25, 
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- Pc-JT fragment to give CPOT. Cl/1 is derJvec^ from ikTHB 248, 
Beggs ct al . , Natxire 275 . 104 - 109 (1978) as <^scrihnC in FP 
patent application 01C3409A. 



Example 5 

5 Tr J^ns form a ti on 

^. cerevisae strain MT118 (a, leu 2, ura 3, trp 1} vas 
grown on YPn inec»i\w. (Shern-an et. a3 Kethods in Yeast Genetics, 

^ Cold Spr3 1 jgTHhr1)f II Laboratory, 1981 ) to an ODgQ^^of 2 .1 . 100 ml 
of cuJtuie was harv<-^ted by centri fugation, washed with 10 ml of 

3C uei.er, recentrifuged and resuspendei? in 10 ml of (1.2 H &orhjt.o3, 
25 mM Na^EDTA pH= 8.0, €.7 rog/ml dithiotrej to3 ) . The suspension 
was incubated at 30**C for 15 minutes, centrifuge^ and l-lir? ce3 3si 
resu&«pr>n(?ec1 in 10 sil of (1.2 M sorbitol, 10 mK Na^EOTA, 0.1 M 
sodium citrate pH ~ 5.8, 2 mg Novozym* 234 enzyme). The 

15 suspension was incubated at 30»C for 30 minutes, the cells 

co3 3fCled by centrif ligation, washed in 10 ml of 1.2 F sorbitol 
r»nd in 30 ml of CAS (1.2 M sorbitol, 10 m>: CaClj/ 10 mK Tris 
(Tris « Tris(hydroxymethyl)-aminometan) pH » 7.5) and resuspended 
in 2 m3 of CAS. For transformation 0.1 ml of CAS-re suspended 

20 cells were mixed with approxit»:ately 1 ^9 of p3ospid p«T344 and 
left at room temperature for .35 minutes. 1 r-O of (20% 
polyethylenglycol 4 000, 10 mM CaCl^f 10 mK Tris pH = 7,5) was 
added and the mixture left for further 30 minutes at room 
temperature. 71k» mi>ctuxe was centra fuged and the peliet 

25 resuspended in 0.1 ml of SOS (1.2 M sorbitol, 33% v/v YPD, 6.7 mK 
CaClj, 14 ng/ml leucine) anc* incubated at 30»C for 2 hours. The 
suspension was then centrifuged and l^ic pe33et resuspended in 0.5 
ml of 1.2 M sorbitol. 6 ml of top agar (the SC medium of Sherman 
et a3., (Methods in Yeast Genetics, Cold Spring Harbor 

30 Laboratory, 1981) with leucine omitted and containing 1-2 K 
sorbitol plus 2.5% agar) at 52*C.was added and. the suspension 
poureO on top of p3ates containing the same agar-solidif ied, 
sorbitol containing mediuni. Transformant colonies were picked 
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afir^r 3 tlayt^ «ii 20^., rcjsolated and used to start liquid 
cunurefr. One such transformant MT350 («MT 118/pMT344) was chosen 
for furtbej c)ictrac1.ftrJ?.fttioii. 

Plasmid pMT475 was transf ormfttl into £. cerCidLsiiiii ini.TitSu 
5 MT 362 (a,leu2) by the same procedure as above, enc" ihf trar-s- 
formant HT371 («MT362/pOT4 75) isolate*?. 

TruTtsformation of pMT479 into strain E2-7B X EJ3-3C 
(a/o, -c^tpi/Atpi, pep 4-3/pep 4-3; this strain wiJJ be rnferrecl to 
as MT50J) was poj f orinod as above with the following modifica- 
10 tionsr 1) prior to transformation strain MT501 was grown on YPGaL 
. Jacto..yeast^e3aracl,. ?% Bacta^^ 

lactate) to an ODg^p of 0.6. 2) the SOS solution contained YPGaL 
5risi-ftr,r. of yPD. One tr&nsfomiant J1TS19 {=MT50l/pMT4 79) was chosen 
foi further characterization. 

^he transfer ned mjcroorganisinjs m 350, MT 371 and MT 
53 9 were deposited by t!te app3icant with Deutsche Sammlung von 
MiJcxooiganismen (DSM) , Griesebachstrasse 8, D-3400 Gottingen, on 
May 15, 1984 and accorded the reference numbers DSK 2957, DSh' 
2958, and DSK 2959, respectively. 

20 Exaipple 6 

Expression of B(l-29 ) ■A(l«-2jJi^Jnsiil jn in yMSt 

Strains MT350 (DSM 2957) and KT371 (DSM 2958) were 

grown in synthetic comx.lote medium SC (Sherman et.al.. Methods in 

Yeast Genetics, Cold Spring Harbor Laboratory 1981) with leucine 
25 omitted. For each strain, two 1 liter cultures in 2 3iter haffJed 

flasks were shaken at 30OC until they reachec: Cng^^j^ of 7 to 10, 

They were then centrifuged and the supernatant removed for 

further analysis. 

f.trc*jri MT519 (DSM 2959) was grown similarly but on YPD 
30 medium (Sherman et al.. Methods in Yeast Genetics, Cold ^ring 

Barlw Laboratory, 1981) and to an OD^^^^ of 15, centrifuged and 

the suiJernatanl separated foi analysis as above. 



Example 7 

Expression o^^Jl- 29)^^0^ 21) jnsulin in j^east strain MT350 (DSM 
35 2957) 
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Yeast strain MT350 (DSM 2957) was grown a» prnvjousjy 

cVii^crlbed in example 6 and expression producltJ frwi: 3 3 00 pO of 

supernatant from this strain weir jifo3<>tecl as fo3 3owf»: 

10 g of LiChroprep* HP-18 (Merck, art. 9303) were 

5 washed 3 times with 50 tdIA NH^HCO^, 60% EtOH an<? thereafter packed 

in a 6 X 3 cni co3uDin. Tlie column was equilibrated with SO ml of 

50 tnV IvK^HCO,. 55 ml of 96% EtOH were added to 1100 ml of the 
4 3 

yeast supernatant, and the mixture was applied to the column 
overnight (f3ow: 70 nil/h) . 

3 0 The column was washed with 10 ml of 0,5 M NaCl and 10 

ml of HjO^ and-the pept i des . were eluted wi th 50; mK of NK^HCO^ # 
60% EtOH, The eluate (5 ml) was concentratecl by vacuum centri- 
fugation to 1 ,4 ml (to remove the ethanol) , and the volume was 
adjusted to 10 ml with 25 m^: or YiEPTS buffer pH = 7.4. The sample 

15 was applied to an antiinsu3in iromur>oc*bsorption co3umn (AIS 

column) (2.5 x 4.5 can) which had been washed 4 times with 5 ml of 
NaFAM-buffer (Heding, L., Diabetologia 8, 260-66, 1972) and twice 
with 5 ml of 25 ml--. HEPF.S-buf fer prior to the application. After 
the application, the column was allowed to stand for 30 min. at 

20 room temperature and was thereafter washed 10 times with 4 ml of 
25 mK EEPES buffer. The peptides were c3uted with 20% KAc. The pH 
va3ue of the eluate was adjusted to 7.0 with NH^OH, artf tJie jkicI 
was concentrated to 500 \il by vacuum rotation. 

The sample from the prievious step was further purified 

25 on HPLC on a JO\i Katcrs jiBondopak C-18 column (3.9 x 300 mm). The 
A and B buffers were 0.1% TFA in H^O and 0.07% TFA in MeCN, 
respectively. The co3unin was equilibrated with 25% B (flow: 1.5 
ml /min.) and the peptides were eluted with a linear gradient of 
MeCN (1%/min.) and detected at 276 niii. The y5e3d in each step of 

30 the purification was determined by radioiinmunoc*Hfr«y as pr€»vioi;sly 
described, and Table 2 summarizes the purification. The overe3 3 
yield was 68%. 

Table 2 

Purification of expression products from yeast stjain 117350 
35 sui^rnatant 
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Intmunoreactive B( 1-29) -AC 1-21) 



Purification step 


Vo3umo (nO ) 


insulin (nmol) 


E\Ji>ernatant 


1100 


110^ 


RP-18 


10 


116 


Anti-insulin 






Sepharose 


0.5 


116 


HPLC 


2,5 


75 



x) Dilution effect was oliserved in this sample 



Only one peak containing intmunoreactive B(l-29 ) -A(l-21) 
insulin rnAl eri a3- w*is <3et>'Cl.ed-from the KPIX: . col umn ..-Pepti de. - _^__ 

10 material from this peak was isolated and subjectod to amino acid 
sequence analysis. The sequence analysis was performed with a Gas^ 
Phase sequeijccj (Applied Biosystem Model 4 7 OA) as described by 
Hewick, R.M. et al. ( J .Biol .Chem. 256, 7990-7997, 1981). From the 
sequencing results it could be concluded that the expression 

15 product 6. consisted of 3 peiatides: 

(Glu-Ala}2-B(l-29)-A(l-21) insulin 89% 
Glu-Ala~B(l-29)-Atl-21) insulin 2% 
B(l-29)-A(l-21) insulin 9% 

The peptides weie pyesent in the relative amount as 

20 indicated. 



Example 8 

Focpression of B (l-29 ) -A (1 -21 ) insulin in ^'east strain MT371 (DSM 
2958) 

Yeast strain MT371 (DSM 2958) was grown as previously 
25 dei^cribed in exasiple 6 and exprc^s&'ion products fron 665 nJ of 
supernatant from this strain were isolated as described in 
Example 7. The overall yield was 50 nmol, corresponding to 39%. 
Peptide material was isolated from the BPLC column anc* sequenced 
as described in Example 7. From the sequence results (18 residues 
30 from the H-terminal) it could be concluded that the peptide was 
homogeneous B (1-29) -A (1-21) insulin. 
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Comparison of these results to the results obtained 
in Example 7 indicates the advisability of removing 
the Glu-Ala-GlU'Ala sequence from the C- terminal of 
the MFpcI leader. It appears from Example 7 that the 
yeast dipeptidase enzyme does not function very efficiently 
in splitting off the Glu-Ala and Glu-Ala-Glu-Ala from 
the B<l-29)-A(l-21) insulin prior to secretion of the 
insulin precursor from the yeast cells. 



25 
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Example 9 

ExpregsJon of ^-(3 -29 )-M3-?3 ) Jnsu3 in Jn y^^A^ strain MT519 (DSM 
2959) * 

Yeast strain MT519 (DSM 2959) was grown as previousjjy 
5 described in example 6 anc* express ion prochicts fropi 70 in} of 
supernatant were Js^iJated es described in example 7. The overall 
yield was 116 utuo^ , corregponOi to 57%. Tlie^ pejitjde was 
sequenced as desciibed in Fxainple 7. As judged from the 42 
7esiduf*s identified from the N- terminal end, the peptide was 
JO liortotjfnfous R(l-29 ) -A (1-21 ) insulin. Approximately 5 nmoJ of 
peptide was hydrolyzed in 100 |il 6N HCl for 24 h at 110®C. The 
hydr63ysdtc vTas an on a Recfcmah Mod^^ aeid^ 

analyser. Tlie fcJJowing amino acid cotiiposi tion was found: 



Table 3 



Amino acid 


analysi s 


of pur j f ied B(l- 


29)-A(l-21) 


i nsuli n 


Amino acid 


Found 


Theory 


Amino 


acid Found 


Theory 


Asx* 


2.97 


3 


Val 


3.37 


4 


Thr 


1.77 


2 


lie 


1.65 


2 


Ser 


2.45 


3 


Leu* 


5.65 


6 


Glx* 


6.68 


7 


Tyr 


3.51 


4. 


Pro 


1.33 


1 


Phe* 


2.73 


3 


Gly* 


3.95 


4 


Lys* 


0.95 


1 


Ala* 


1.22 


1 


His* 


1.84 


2 


Cys 0.5 


4.54 


6 


Arg* 


1.13 


1 



25 *) amino acid used for normalization. 



Example 10 

Construction of a yeast plasmid pMT610 for expression of 

gj j-Jl^g) - Ala-Ala*Lys -A (1-21 ) 

A 4.3 kb EcoKV-Xbal and a 3.3 kb EcoRT-EcoRV fragment 
30 fron pMT342 (see example 3) were li gated to. a 0.6 kb EcoRl-Xbal 
fragment of pM215 (see example 3). The obtained plasmid i>yT462 
harbours the insert MFol leader (minus Glu-Ala-Glu-Ala) -B-C-A. 
For converting the B-C-A encoding fragment into a B(l-29)-Ala- 
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A3a"l,yB-A(3-21) encoding fragment the modified site specific 
niulegene&it^ procedure (K. Norrls et al., ibid.) was used. A 0.6 
kb EcoRI-Xbal fragment fropi p}-iT4f2 encoding fiFaJ leader (minus 
Glu-Alo-GlU"AJa)-B-C-A was inserted into M13 raplO RP phage cut 
5 with Xha3*KcoKT« ?ing3e strand M13 phage containing the above 
EcoRI-Xbal insert was incubated with a 30mer 
d(nTCACAATGCCCTTAGCGGCCTTGGGTGTG) primer <KFNl5) and the 
"universal - 35-mer K33 primer d(TCCCAGTCACGACGT) (see example I), 
heated to 90*»C for 5 riiimifc& and s3aw3y cooled to room 

10 -^temper a tu re = i n _or der_^to_a 3 Ipw jsn ne al i ng - Then pai 1 3 y dcmbl e 
stranded DNA was made by addition of a d-NTP-mix, Klei'ow 
Polymerase and T4 ligase.Aftcx phenol extraction, ethanol ' 
piecipj t;*tioii and rrssusx^ensi on, the DNA was cut with restriction 
enzymes Apal,Xbal and EcoRl. After anoOier pJienol exlraclion, 

15 ethanol precipitation and resuspension, the DNA was ligated to 
EcoRl-Xbal cut ptlC13. The ligation mixture was transformed into 
an r. coli (r^m*) strain and plasmids were prepared from a number 
of transf onii«.nts . Plasmid prex'arations were cut with FcoRl and 
Xbal and those preparations showing bdnr*s at botli 0.5 and 0.6 kh 

20 were retransformed into E. eoli . From the retransformatlon a 
transformant harbouring only pnci3 with a 0.5 kb insert was 
telc'ctcd. The sequence of the EcoRl-Xbal insert of this plasmid, 
l*7r598, was then confirmed by the Maxam-Gilbert method to enccule 
MFol leader (minus Glu-Ala-Glu-Ala)-B(l-29)-Ala-Ala-Lys-A(l-21) . 

25 The Xbal-EcoRI insert from pMT598 was provided with TPI pranotor 
and TPT terminator by ligation of a 0.5 kb Xbal-FcoRT' fragment of 
pl^598 with a 5.5 kb Xbal-EcoRI fragment of pT5. The construction 
of pT5 harJxjuring the insert TPTp-MFol leader-B-C-A-TPI^ is 
illustratec' in fig. 8. The resulting plasmid pMT 601 containing 

30 the insert TPIp-MPol leader (minus Glu-Ala-Glu-Ala) -B( 1-29) -Ala- 
Ala-Lys-A(l-21)-TPI^ was cut with BamHl and partially with Sphl 
and the 2.1 kb fragment was inserted in CPOT cut with BamHI and 
Sphl. The resulting plasmid pKT610 was used for transformation of 
yeast. 

35 Example 11 

Construction of a yeast plasmid pFT639 for expression of 
B ( 1 -29 ) -S er-Lys -A ( 1-21) 
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The BCA encoding fragment frcnn pMT4 62 (eec C5cc*n,p3f» 3 0) 
vtiifi converted into B( 1-29 )-Ser-I.y8-A (1-21) by a proccc*urc 
ftjicOogoijs wjtli thfr procrfliiie c'^Ecribed in example 10 by site 
t>lU'c5fSc piiitriyonf»s is with a mixture of a 27-mer 
5 cl(TCCACAATGCCCTTAGACTTGGGTGI'G) primer KFW36 anc' tlie "universaJ- 
15-mer M13 primer. After filling in with Klenow polymerase and 
3igat5oij wjtli T4 jjgase the partly double stranded DNA was 
digested with Apal , EcoRI and Xbal and ligated with the 5.5 kb 
Xbal - EcoRT fragment from pJasmid pT5 (sec* examp3e 3 0). After 

30 1.r<iTii*f oiiucj-t.ioji au<1 r<*transf onnat i on into E.. coli , a plasmid pMT 
-^^P_^°"^gj-"^"9 *^}^ insert MFol leader (minus Glu-A3a-Glu-Ala) - 
B (1-29 )-Ser-I.ys-A( 1-21) was isolated and the sequence of the 
insert confirmed. The further procedure for obtaining plasmid 
pMT639 containing the insert TPTp-MFol (minus G3u-Ala-Glu-Ala) - 

15 B(l-29)-Ser-Lys-A(l-21)-TPIy was as described in example 10- The 
construction of pyT639 is illustrated in Fig. 9. 

Example 12 

Expression of B(l-29)-Ala-Ala-Lyg-A(3-23) in yeast, s-train MT 6 20 
S, cerevi si ae strain I5T501 (sec example 5) was 

20 transformed with pMT 610 as described for pMT479 in example 5. 
Tr ft n 5? fori<v*nt co3onies weie picked after 3 days at SO'^C, 
reisolated and used to start 3 i quid cu3tures. One such 
transformant MT 620 .« (MT501/pMT610} was chosen for furtlier 
characterization. MT620 was deposited by tlie app3icant with 

25 Deutsche 5amm3un9 von Kikroorganismen (DSN), on January 16, 1985 
and accorded tlte reference number DSH 3196. 

K7 620 was grown on YPD medium. A two liter culture in 
2 liter baffled flask was shaken at 30*C to an OPgQOnni 
Afffr ceiitrifugatioii tlie su^sernatant was removed for further 

30 analysis. The expression level determined hy radioimmunoassay was 
1.2 |imol/l. Expression products from 840 m3 of supernatant weic 
purified as described in Example 7. (RP-ie column, Anti-insu3in 
Sex>harose anc^ nFI<C). The overall yield was 100 nmol corresponding 
to about 10%. Peptide material was isolated from the HPLC-column 

35 and sequenced as described in Example 7. 35 F.dman degradation 
cycles were carried out (Table 4). From the sequence results the 
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position of the 3 Amino *cjd residue chains (Ale-AJa-Lyfi) 
separating the B(l-29) and the A(3-21) chains was confirmed (see 
table 4). 

Table 4 

5 Sequence analysis of B(3 -29 ) -A3a-Ala-Lys-A(l-21 ) isolated frcan 
the cu3i.\jre medium of strain IVP .620. 



10 


Cyclus No. 

2 
3 
4 
5 


PTF-ar.iino acid 
residue 

Val 
Asn 
Gin 
His 


yield 
(pmol) 
_3381 _ _ 
1738 
5169 
2750 
2045 




6 


Leu 


14 05 


15 
20 


7 
8 
9 
10 
'11* 
12 
13 
14 
15 


Cys 
Gly 
Ser 
His 
Leu 
Val 
Glu 
Ala 
Leu 


1372 
345 
1105 
2228 
19 63 
1219 
1514 
1793 


25 




17 
18 


Tyr 
Leu 
Val 


1707 
1354 
1765 




19 
20 


Cys 
Gly 


882 


30 


!21 
22 
23 
24 
25 


Glu 
Arg 
G3y 
Phe 
Phe 


loli 

1100 
1123 
149? 
2042 


35 


26 
27 
28 
29 
30 


Tyr 
Thr 
Pro 


1014 
195 
710 
1173 
1026 


40 


ar*" 

32 
33 
34 
35 


- ■ Ala 
Lys 
A,Gly 
•*-Tle 
Val 


885 
1175 
552 
518 
548 



The average repetitive yield was 95.6%. 
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Example 13 

ExpreBsion of BCl-29 ) -Ser-Lys-A(l-2l )^ in yeasty strairi rn'fi43 

S^. cerevlsiae strairi fiT503 wi*!^ Irantsformef'. wjlh pf^r>39 
as described for p]'n*479 in example 5. 
5 One trans fonnant MT643 = (MT501/pMT639) was cliosen for 

further characteri jiHtion . Mr643 VJas dr^positcd by the applicant at 
n?M on Oanvary 3 6, 39R5 and accorded the reference No. DSM 3197. 

MT643 was -grown as described in example 12. After 
centrifugation the supei nal.aiit Wris rei'»c>vf:d for furtlier an«*3ysjs. • 

10 The expression level of tlie insuDin preojrsor I 

determined by radioimmunoassay was 1.6 px»o3/l . Kscpr^sssion 
products from the ^supernatant from=-strain MT 643 was jso3atf?d..«is=^ 
described in Example 7. The peptide mritnrial isolated frc^n the 
HPLC coltimn was submitted to sequence analysis c«s deScri)ied iti 

15 Example 7. From the sequence results (not shown) the position of 
the two amino acid residvies chains (Ser-Lys) separating the B(l*. 
29) and A (3 -21) chains was confirmed. 



Example 14 

Conversion of B(l"29 ) >A (1-21 ) to Thr (Bu*^)-pBu'^ (B30) hu man insulin 
20 20 mg of B(l-29 ) -A (1-71) was dissolved in 0.1 ml of 10 

M acetic acid. 0.26 ml of 1.54 M Thr (Bu^) -OBu"^ in N,N- 
ciimethyJ acetiimid#> was added. The mixture was cooled to 12*»C. 2.8 
tug of trypsin dissolved in 0.035 ml of 0.05 K calcium acetate was 
added. After 72 hours at 12"Cr the proteins were precipitated by 
25 acVjtion of 4 m3 of acetone, isolated by centrifugation and dried 
in vacuo. The conversion of B(l-29)-A(l-21 ) to Thr (.Bu*^)-OBu*^(B30) 
human insulin was 64% by HPLC . 

Example 15 

Conversion of B ( 1-29 ) -A (1-21) to Thr-OMe(B30) human insulin 
30 20 mg of B(l-29 ) -A(l-21 ) was dissolved in 0.1 ml of 10 

M acetic acid. 0.26 ml of 1.54 M Thr-CKe in a mixture of dimethyl 
sulphoxide and butane-1,4 diol 1/1 (v/v) was added. 1 mg of lysyl 
endopepti dase from Achromobacter lyticus (Wa)co Pure Chemical 
Industries, Osaka, Japan) in 0.07 ml of water was added. After 
35 120 hours at 25"C, Ihf: proteins were pjccii>i tated by addition of 
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4 ml of acetone, isoJated by a^jti r SfxiqM.iov, ^nc" t^iSeC in vacuo. 
The converBlon of B (1-29 ) -A( 1-21 ) to Thr-OMe(B30) human insulin 
was 75% by HPLC. 

Example 16 

5 Conversion of B(l-29)-Ser Lys-A{l-21) to Thr-OBu^ (B30 ) human 

insulin _ 

20 mg of B(l-29 ) -Ser-Lys-A(l-21) was dissolvecJ in 0.1 
ml of a mixture of 34.3% acetic acjd (v/v) anc? 42.2% N,N- 
dimethy3 f ormami dc (v/v) in water. 0.2 ml of 2 H Thr-OBu^ as 
. . .J-.O .iiydro&cet&i.f' saJJc 371 N,?J-dinjethy3 f ormmh5 was added. The mixture 
was thermostated at 12«'C. 2 mg of trypsin in 0.05 ml 0.05 F 
calcium acetate was added. After 24 hours at 12 "C, tlir; proteins 
were precipitated liy addition of 4 fO of act^tone, isolated by 
ceiilj i fucjalion am" dried in vacuo. TJim conversion of B(l-29)- 
35 Ff'7-I,ys-A(l-21) to Thr-OBu^(B30) human insulin was R5% Jay HPLC. 

Example 17 

Conversion of B(l-29 ) -Ala-Ala-Lys-A(l-21) to Thr-OBu^(B30) human 

insulin 

20 mg of B (1-29 ) -Ala-Ala-Lys-A (1-21) was dissolved in 

20 0.1 nO of a mixture of 34.3% acetic acid (v/v) and 42.2% 
dimethylformamide (v/v) in water. 0.2 m3 of 2 H Thr-OBu^ as 
hy«?roacetat.e sa3t in K-i!i methyl f ormami de was added. The mixture 
was thermostated at 12 "C. 2 mg of trypsin in 0.05 pil 0.05 M 
calcium acetate was added. After 96 hours at 12*>Cr the proteins 

25 were precipitated hy addition of 4 mD of acetone* isolated by 
centri f ugati on and dried in vacuo. Tlie conversion of B(l-29)- 
Ala-Ala-Lys-A(l-21) to Thr-OBu^(B30) human insulin was 84% by 
HPLC. 

Example IB 

30 Pieparation of h umcin ^insu3in fjon« various human insulin esters 
The human insulin esters in the crude acetone 
precipitates were purified by geJfi 3 tration anc* er»ion exchange 
chromatography as described in Methods in Diabetes Researcli 
vol.1, p. 407 - 408 (Eds. J. Larner & S. Fohl (John Wi3ey Tons* 

35 New York, 1984)). The method was applicable to any of the 3 human 
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insulin esters. The cleavsciftt? of tlwf vitrJrnjb pptft*^ 
rendering hixman insulin in nearly 300ft yipJde, were carried out 
by hyc1ro3yisiB of Thr-OKe(B30) human insulin and by acidolysis 
with trif luoroacetic acid of Thr(Bu^)-OBu^(B30) human insulin and 
5 of Thr-OBu^(B30) human insulin as rlt^scribod ibid. p. 4 09. 

The features disclosed in the foregoing description, in the 
following claims and/or in the accompanying drawings may, both 
separately and in any combination thereof , be material for 
realising the invention in diverse forms thereof - 
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CLAIMS 



1. A DNA-seguence comprjsjng a sequence cucc'cT^ng ftii 
insulin precursor contciiniTiQ a i*€-i>i3clc cliHJit will* i.itf fonixilit 

B(l-29)-(X^-Y) -A(l-21) 1,„ 
5 wherein is a peptide chain with n^mino acid ressoues, Y is 



Lys or Arg, n is an integer from 0 to 33, in is 0 or 1, B(3-29) 

B3 B29 

is a shortenec! B:-chain of humAn insuJin from Ph«> to I.ys and 
A (3 -21) is tlie A chain of human insulin, with the proviso that 
the peptide chain "X^^-Y- does not contain two adjacent basic 
3 0 amino acid residues. 

7. A nt^A-seguence according to claim 1 wherein m is 

0. 

3. A DNA-sequence according to claim 1 wherein m is 1 
and n is 1- — 8. 

15 4. A DNA-sequcncc according to claim -1 wherein the 

peptide chain is 

B(l-29)-Ala-Ala-Lys-A(l--21) . 

5. A DliA-scqueiice according to claim 1 wherein the 
peptide chain is B ( 1-29 )-Ser'Lysr-A (1-21 } . 

20 6. A replicable expression vehicle capable of 

expressing a DNA-sequence according to claims 1 to 5 in yeast. 

7. A replicable expression vehicle according to claim 
6 comprising the plasmid pMT344. 

8. A replicable expression vehicle according to claim 
25 6 comprising the plasmid pHT475. 
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9. A replicalOe expression vehicle according to caaim 
6 ccmiiirJsing the plasmid pMT 479. 

3 0. A rep]icable expression vehicle according to c3ai»i 
6 comprising the plasmic* pHTfilO. 

5 . 11. A replicable expression vehicle according to cJaim 

6 comprising the plasmid pMT639. 

12. A yeast strain tr ansfor nt«u: with an expression 
vehicle according to claims 6-11 

13. A process for producing an insulin precursor of 
10 formula I according to claim 3 vlicrein a transf orniant yeast 

strain including a replicable expression vehic3e. accf>rding to 
claims 6 - 11 is cultured in a suitable nutrient inec»iuii. fo33owe<7 
by recovery of tlie in&u3in pxecursor. 

14. A process for producing an insulin precursor witJi 
15 the formula B(l-29)-A(l-23 ) wlierein a yeast strain HPW 2957 or a 

variant or mutant thereof productive of the insulin prPc\.7bor is 
cu3tured in a suitab3e nutrient medium followed by recovery of 
the insu3in pr«c\ir&«or. 

35. A x>rocf*sb fox producing an insulin precursor with 
20 the formula B(l-29)-A(3 -23 ) wherein a yeast strain DSM 2958 or a 
variant or mutant thereof productive of the insu3in precursor is 
cultured in a suitab3e nutrient medium fc33owed by recovery of 
the insulin precursor. 

16. A process for producing an insulin precursor with 
25 the formula B(l-29)-A(l-21) wherein a yeast strain DSM 2959 or a 
variant or -mutant thereof productive of the. insulin precursor is 
cu3tured in a suitable nutrient medium followed by recovery of 
the insu3in pxecursor. 
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17. A proceBB for producing an insulin prf'cuisoj wJUi 
l),f' fciM.iOft B(3-?9)-A3e-Ala-Lys-A(l-21) wherein a yeast strain 
VSr- 339fi it vftiieni oj mu1<«i»1 Uivreof prot'uctivp of the insulin 
precursor is cultured in a suitable nutrient niftcTiui" frOJoi^ert hy 

5 recovery of the insulin precursor. 

18. A process for prochicing an insulin prectiisoj vith 
the formula B (1-29 )-Ser-Lys-A (1-21 ) wherein a yeast strain DSM 
3197 or a variant or mutant thereof productive of the insulin 
pjecursor is cultured in a suitable nutrient medium followee by 

3 0 rocovejy of the insu3in luocursor. 

19. A process for preparing human insulin wherein a 
yeast strain is transformed with & xep3ic£fb3c expression veliic3e 
according to claims 6-13, the trenfrforii«ed yeast strain is 
cultured in a suitable nutrient medium, the expressed insulin 

15 precursoj if* jeccivered from ti»e cultuj-e Medium ftnd converted into 
human insulin. 

20. Human insu31n prectiisois of the general formula 

B{l-29)-X„.Y-A(l-21> .„^,^^^,fJlcc^^^j 
wherein X is a peptiOe cliain with njiamihO atld residues, n = O - 
20 33, Y is. Lys or Arg, B(l-29) is a shcrtenet: B-chain of human 

insulin from Phe®^ to Lys^^ and A (1-21) is the A chain of human 
insulin, with the proviso that the peptide chain -X^-Y" ^oes not 
contain two adjacent, basic amino acid residues. 

21. A human insulin precursor according to claim 20 
25 having the formula 

B(l-29)-Ala-Ala-Lys--A(l-21) . 

22. A human insu3in iirecuTS«>r accorc»ing to claim 21 
having the formttla 



BAD ORIGINAL 



35 



0163529 

B(l-29)-Ser-Lys-A{l-21). 
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